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ABSTRACT

Two working documents for Office of Cil Defens( use in

producing guidance materials were prepared. They represent

proposed approaches to guidance and evaluation documents for use

in developing community shelter systems.
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SUM4ARY

Purpose

The primary purpose of this study was to develop an evaluation

instrument which could be used to assess the operational capabilities of

community fallout shelter systems. A secondary purpose was to translate

the basic data ased in constructing the evaluation instrument into guidance

material useful to local civil defense planners.

Information on the characteristics of comm,,ity shelter systems was

derived through literature review, interviews with knowledgeable civil

defense officials, and the systematic consideration of the gross t&sks

involved in system development, maintenance, and operation. From these

basic data, 487 characteristics (hereafter referred to as plan factors)

were written up as separate items in an evaluation instrument. An estimate

of the importance of each plan factor was made by a group of thirteen raters.

These judgments served as the basis for developing item ieights. The item

weights were subsequently incorporated into a scoring method for the

instrument. The evaluation instrument was then applied to two sets of

plans for community shelter systems.

The guidance material for local civil defense planners was prepared

in workbook form. A brief liscussion of eacih plan factor was written for

each plan factor. Accompanying each such discussion was a "decision"

statement paraphrasing the essential aspects of the factor as they would

apply to a shelter system. Also, space was left for including comments

re(;*%rding specific shelters within a system.

Results

I. The evaluation instrument which was developed proved

capable of assessing the strong %nd weak points of plans

for community shelter systems.
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2. No particular difficulties were encountered in applying

the instrument, or scoring the results of the evaluations.

3. No system characteristics appeared in the planning docu-

ments which were not adequately covered by plan factors in

the instrument.

4. The guidance material document which was prepared presents

an integrated source of information applicable to the

development of a community shelter syster.

iv
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A GENERJAL OVER-VIEW OF THE SMUDY

Background

Positive action toward a dynamic national shelter capability is now

being taken by the Federal government in the form of the National Fallout

Shelter Marking and Stocking jprogram. In addition, a few communities

throughout the country have considered how a nuclear attack would affect

them, and to varying degrees they have initiated planning activities

oriented towards their own protective needs. It is expected that as more

shelter space is designated (or developed) and stocked during the course

of the marking and stocking program, more communities will begin to plan

Intensively and to act to provide protection from nuclear attack for their

entire populations.

Whether a community elects to designate and modify existing buildings

as shelter; or to construct shelters, there must be a well-coordinated and

controlled sst of sheltere capable of protecting and sustaining the

entire population of the community. For the purposes of this study, the

objective of such a system may be stated as follows: 'The purpose of a

community shelter program is to protect the people of that community b-

preserving their respective capacities to a degree which will enable them

to survive an enemy attack and return to near normal capacity for produc-

tivity in the shortest possible time." The effectiveness of a community

shelter system in accomplishing this objective will depend to a great extent

upon how well it can function as a system.

The term system, as used in this study, is analogous to its use in

reference to a, weapon system. Developing, operating, and maintaining a

system involvea very similar steps regardless of the nature of that system.

For example:

1. System objectives must be determined.

2. Plans must be formulated for the achievement of these

objectives.

3. There must be a developmental period.

4. The operational capabilities of the system muist be evaluated

to insure that it can, in fact, accomplish its objectives.

5. Once a system is operational, logistic, maintezianne and manage-

ment requirements must be met throughout the llfe of the system.



The system approach to developing a community shelter program is the

concept on which work on this project is based. All research products c.'

the project are aimed at enhancing the operational capability of community

fallout shelter systems.

Purpose

The primary purpose of this study has been to develop an evaluation

instrument which could be u3ed to assess the operational capability of

community fallout shelter systems. A secondary purpose has been to bring

together, under one cover, information regarding the characteristics of an

effective shelter system. This information is presented in a form which

local civil defense personnel may conveniently follow when developing their

plans.

It was originally planned that a central purpose of this study would

be to utilize the evaluation instrument to be develjped to appraise several

representative community plans for using community shelter facilities

developed to date under the national shelter program, including the

Government-3ponsored prototype shelter construction program. However, it

became apparent very early in the contract period that civil defenseý plan-

ning and shelter construction at the community level were not sufficiently

developed to permit full-scale evaluations. Where prototype shelters were

under construction, no comprehensive plans for their use or integration

into a community shelter system were available. Conversely, a few commu-

nities had accomplished some preliminary planning toward a community shelter

system but had no actual shelter facilities.

In view of the situation, a shift in emphasis and consequent

realignment of the contemplated research was suggested and subsequently

approved. This revised plan called for (1) development of a more refined

evaluation instrument having broader scope and longer usefulness than

contemplated for the instrument conceived initially, and (2) preparation

of an additional document to consist of information gathered during the

development of the evaluation instrument and to be packaged in such a way

as to have instructional value for local civil defense planners.
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Research Products

Evaluation Instrument. The completed Evaluation Instrument contained

487 separate plan factor items. Each plan factor represented a character-

istic or aspect of a community shelter system. Plan factor items were

organized into 33 subject-matter categories within the Evaluation Instru-

ment. This grouping of plan factors by subject-matter categor:.es (and in

some cases subcategories) served to provide a classification system whereby

the user could readily locate a particular plan factor. It also provided

a basis for summarizing the results of an evaluation in terms of major

system function3 such as Shelter Management and Radiological Defense.

In using the Evaluation Instrument, the evaluator must determine

whether or not each plan factor has been, or will be, provided for in

planning and developing the shelter system. For each plan factor, an all

or none decision thus must be made. Although it would be desirable to

obtain a more precise rating for each plan factor in accordance with the

degree of adequacy reached in the plan being evaluated, little or no objec-

tive data are available at this time for use in making such precise discrim-

inations. However, when data are available tc indicate the minimal degree

of adequacy in planning required to give credit for the item, such data are

identified under the plan factor in the Evaluation Instrument; there data

are labelled "STANDARD" in each instance, to show that the data will assist

the evaluator in making the required yes or no decision.

A scoring method was developed for the Evaluation Instrument which

would provide quantitative estimates of the operational capabilities of the

shelter systems evaluated, For each plan factor item, the Evaluation
Instrument shows the weighted score assigned to the item; this score corre-

sponds with the judged importance of the item to system effectiveness, as

determined by a group of judges.

The Evaluation Instrument is intended as an aid to Office of Civil

Defense personnel and state CD planners with the responsibility for assess-

ing the operational capability of community fallout shelter systems. The

Instrument is designed to be applicable in evaluating systems which vary

across a wide range :n parameters, such as community size and shelter types.

It can also be used to evaluate shelter systems in. all stages of develop-

ment from a completely "paper" system to one which is fully operational.



Guidance Material. In addition to the Evaluation Instrument,, A Work-

book For Use by Local Civil Defense Officils,1 was developed. The workbook

utilizes all the basic plan factor Information that went into the prepara-

tion of the Evaluation Instrument, presenting it in an expanded form amenable

to its use as guidance material in the devel.opment of community shelter

systems.

The guidance material, as presented, is expected to make several

important contributions. First, it provides under one cover a condensed

and readable listing of th'- multitude of specific factors which miust be con-

sidered when developing a community shelter system. Second, the material

is presented in such a way that if directions for using it are followed,

most of the basic decisions necessary in the development of a shelter system

will have been made. And third, guidance in shelter system development is

fcrovided in "extra-shelter" areas which have received little attention in

the past.

Suggestions for Future Research

The Evaluation Instrument developed during the course of this study

is capable of assessing the shelter system planning efforts which have

been carried out to date and those which can be expected for some time to

come. The guidance material prepared during the study is dire-cted at ful-

filling a perceived need for an Integrated presentation of the basic date

needed to plan a community shelter system. They represent initial efforts

1,n both these areas.

As the results of current and future research on specifio aspects of

civil defense become available, they should be incorporated into revisions

of the guidance material and the evaluation instrument to enhance their

usefulness. Suggestions regarding how this might be accowpliAhed on an

interim basis may be found in Appendix C.

Several additional areas of guidance and evaluation should also be

reseýarched. itmong these are the specific efforts listed bel-ýw. They are

discussed in g.'eater detail iii the future esearch section of this report.

1. More definitive levels of adequacy should be determined

f or plan factors.
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2. The effects of plan factor interactions should be deter-

mined and a means of evaluating such interactions developed

and incorporated into the total shelter system evaluation

scheme.

3. An intensive study should be conducted to identify the

critical aspects of "extra-shelter" functions of the

shelter systems, such as post-shelter planning.

4. Present and future research such as suggested in 3 above

should be incorporated into a comprehensive guidance
"package" which would outline in-detail the ccnsecutive

steps required to develop a Qommunity shelter system.



EVALUATION INSTRUMENT

Development

This section of the report describes, in turn, the series of steps

taken in the total process of developing the evaluation instrument. For

convenience, each major step in the process is given an indented sub-heading.

Identification and Organization of Plan Factors. The first step in

the development of the Evaluation Instrument was to identify those factors

which are characteristics of an effective shelter system. During the

initial phases of this task, three general guidelines were evolved to give

direction to the effort.

First, a generally stated objective for community shelter systems

was prepared. It read as follows: "The purpose of a community shelter

program is to protect the people of that community by preserving their

respective capacities to a degree which will enable them to survive a~n

enemy attack and return to near normal capacity for productivity in the

shortest possible time." From this standpoint, not only specific sheltering

functions but also most life-support functions a community normally provides

for its people, excluding obvious luxuries, were candidates for plan factors.

Second, an outline of subject-matter categories and subcategories

was prepared to s ructure the search for relevant plan factors and to help

classify the factors as they were identified. New categories were added,

and rewording cf the original categories was carried out as necessary

throughout the pc'ocess of identifying plan factors. This organizational

superstructure for the plai, factor data also helped insure a complete and

balanced coverage of all a~pe~ts of comrunity shelter systems.

Third, in identifyln• and writing up the plan factors, each factor

was made as independent of other factors as possible. When subject-matter

overlap occurred, appropriate instructions for coping with its effects

were included in the Evaluation Instrument.
Within the framework of thnese general guidelines, plan factor data

were collected by the following means:

1. Search . the ii,*erature on civil defense and realated areas.

This method f" collecting plan factor data was ccntinued

until rev'.ew of additional documents contributed no new plan
factors.
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2. Review4ing available local civil defense planning documents.

3. Discussing plans and planning efforts with civil defense

officials with special emphasis on plan factors. Regional,

state, and local civil defense officials in California were

contacted regarding any shelter system p2anning and develop-

ment activities being undertaken. Several additional plan-

ning documents pertaining to community shelter systems were

obtained through these contacts.

4. Systematically considering the various aspects of a commiinity

shelter system and anticipating the need for plan factors.

This approach to identifying plan factors involved the use

of a very gross system analysis procedure. Each aspect of

a community shelter system was considered in terms of

activities or gross tasks necessary to accomplish it. In

this wLy obvious deficiencies in plan factor coverage were

spotted and corrected.

When no new plan factors were identified as additional documents

were searched, emphasis was shifted to editing the plan factor data which

had been collected. Ea(:h plan factor was reviewed to correct for: (a)

redundancy among items, (b) partial subject-matter overlap among items,

(c) errors in subject-matter classification, (d) lack of clarity and con-

ciseness, (e) too coarse a categorization, and (f) failure to provide a

basis for evaluation.

This cditing of items was completed before the items were submitted

to judges for the purpose of developing a criticality rati.ng for each item.

Compilation of Standards Information. Concurrent with identifying

plan factors, data were collected which could be used as standards against

which the evaluator could Judge the provisions made for the plan factors

by the community whose shelter system was being evaluated.

It hs. already been shown why all-or-none estimates of the provisions

made for plrn factors are necessary during an evaluation. In addition,

little CD literaturc, experimental or otherwise, was available to help set

,;tandards f.,r givintr. all-or-none credit for each item. however, a tryout

of the evaluation instrument subsequently developed indicated that the

evaluation• of yrovislons for plan factors on a preserit-absent basis was

feasible until additLonrl research yields more complete standaras data.



In light of the type of standards information available and the

fact that a dichotomous (present-absent) evaluation of each plan factor was

practicable, standards for the plan factors were handled as follows:

a) When the standard was subjective in nature, the plan factor

was written to include the standard. Objective or quanti-

tative stLndards data which could be expressed in a short

phrase were also incorporated into the appropriate plan

factors.

b) Where quantitative standards information was available but

not amenable to inclusion in the plan factor statement, it

was presented below the factor to which it pertained and

identified as a standard.

Format. Basic decisions regarding the format of the Evaluation

Instrument were made early in its development. When it became evident

that approximately 500 separate plan factors would be needed in a compre-

hensive instrument, a checklist type format was deemed the most feasible

way of presenting the data. The subject-matter groupings (categories) of

plan factors utilized during the process of identifying plan factors were

maintained as a means of organizing the factors within the Evaluation

Instrument. When appropriate, subcategories were also identified to enhance

the usability of the instrument.

Plan factor categories are not specifically arranged according to

any definable phases of a national emergency such as pre-attack, attack,

post-attack, recovery. The primary reason for this is that the specific

plan factors under each category describe activities which should be accom-

plished in the development and maintenance of a shelter system long before

an emergency exists. However, some factors, although having a common

subject-matter background, are pertinent either to "pre-emergency" phases

of shelter system development, or to actual shelter operation, but not to

both. In these cases, two categories are used, and supplemc-tary labels

of 'pre-emergency" and "in-shelter" are ap~plied. ExamjlcQ of th'.s situation

are 3helter Management and Poot-Shelter Planning.

complete list of all categories used in the Fvaluati("n Instrument

is providpd below. Definitions as such are not pr vided beca,,sc the

categories are operationally defined by the factors they contair..
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GENERAL WATER

OPERATIONAL PLAN FOOD

PLAN/COMMUNITY COMPATIBILITY SLEEP

POPULATION INDOCTRINATION AND TRAINING SANITATION

SHELTER ASSIGNMENTS MEDICAL

SHELTER I NAGEMENDT (Pre-Emergency) SPACE-VOLUME REQUIREMENTS

SHELTER STOCKING LIGHTING

SHELTER DESIGN POWER SUPPLY

SHELTER UTILIZATION PLAN CONTINGENCY PLANNING

PERIODIC MAINTENANCE COMMUNICATION

POST-SHELTER PLANNING (Pre-Emergency) CONTROL

COORDINATION MAINTENANCE

WARNING SYSTEM NOISE

INGRESS TRAINING

RADIOLOGICAL DLENSE RECREATION AND RELIGIOU3 ACTIVITIES
SHELTER MANAGEMENT (In-Shelter) POST-SHELTER PLANNING (In-Shelter)

ATMOSPHMRE CONTROL

In keeping with the checklist formet of the Evaluation Instrument,

individual plan factor items a'e presented in the form of questions.
Three possible responses are provided for each itex. They are: "not
applicable" if the particular factor does not apply Lo the system under

evaluatior; "yes' if the factor has been provided for; and "no" if it has
not. The symbols N/A and Y are used for "not applicable" and "yes,"
respectively. A number representing the item weight is used to indicate

the "no" resr':nse. The reasons for assigning the item weight to a "no"

x-sponse rather rhan to a "yes" response are explained later.

All plan factor items except those strictly related to planning

f-cti ns are stated ir future tense. This was done to enhence the flex-

ibility cf the .valuation Instrument. By a simple silift in the verb tense
,,f approrriat -. lan fa..t.rs. the instrurent can be applied to f shelter
system in any stage of devclopmcnt (p.. , •,reltminary planning, detailed

Sr advanced platining, developmental, operational). Then tao, most of the

shelt',r systems to be evaluatel for somf. time to -ome will be in the

pla!.ning phases of development. Thjs, future tense usage is most appropri-

3te for the present Evaluat!en Instrument.



Estimation of Plan r'actor Criticality. Several mnthods of obtainirg

a quantitative measure of shelter system effectiveness were considered

during the course of the study. Basic to all was the procedure of rating

each plan factor according to the probable consequence or effect of its

absence from the system.

One approach which appeared to have considerable promise early in

the study involved the use of consequence areas as a means of classifying

and ultimately quantifying the effect of not providing for each plan factor.

Examples of consequence areas were death or extreme debilitation, danger

to physical health, and mental or emotional strain.

A preliminary set of consequence areas was derived, and an attempt

was made to classify the plan factors. Problems which defeated the use of

this approach were:

a) The fact that the absence cf many of the plan factors could

be classified as having several consequences.

b) In attempting to refine the consequence areas to be more

specific, the number of consequence areas approached the

number of plan factors.

When initial attempts at specific classification of plan factor

consequences failed, a more general classification schema was derived,

and the approach ultimately used to obtain quantitative measures was

developed. Three major objectives of the approach were:

1) To provide a quantitative basis for further development

of a scoring method for the Evaluation Instrument.

2) To determine whether plan factor criticality is affected

by tfl conditions under which a shelter system operates.

3) - obtain information useful in the further screenirg of

plan factorn to be included in the final form of the

Evaluation Tnstrument.

Briefly, the steps taken in developing criticality rutings for the

plan factors were as follows.

1. A tltal of 493 plan factor items were assemblvd in a data collec-

ticn fo'rm. A sample page from the form is shown in Figure 4, ipendix A.

Itten f'Vrmat and arrangement in the data collvction form wer:' neurly identical

t: those,,se d in the final version of the Evaluat'on Instrument.



2. A system objective was formulated and four levels of criticality

were defined. The system objective served as a criterion againbt which the

level of criticality of individual plan factors could be judged. Each of

the four levels of criticality was assigned a weight (3, 2, 1, and 0,

respectively, from most to least critical). The system objective and

criticality levels, along with the inCt,'uctions to the raters regarding

their use, are shown in Figure 1, Appendix A.

3. Two "conditions" were described under which the criticality

ratings were to be assigned. Condition 1 described an urban community with

a highly developed industrial complex located near prime targets. Condition

2 described a rural community a considerable distance from prime targets

and sutject only to fallout. These two conditions were mesnt to describe

points near opposite ends of a continuum of possible conditionF under which

shelter systems would have to operate. Detailed descriptions of the two

conditions are presented in Figures 2 and 3 in Appendix A.

4. A total of thirteen (13) judges rated the criticality of the plan

factors. Six (6) raters performed the rating task under Condition 1, and

seven (7) rated the factors under Condition 2.

5. An anelysis of the rating data was conducted to determine if

significantly different levels of criticality were assigned to the same

plan factors under the two widely differing conditions. A brief summary of

the results of the analysis will be presented at this time. A more detailed

discussion of the analysis may be found in Appendix B.

As might bc expected, rater bias towards -insistently high or low

ratings was encountered. To correct for this, the raw rating scores of

3, 2, 1 and 0 were converted to standard scoi ; for each rater. Mean

standard score ratings and standard deviations were calculated for individ-

ual facto'-s under conditions 1 and 2. "Student'S" t test comarisons were

made on each factor ti determine if the mean criticality ratings under 'th

two r1oniti•,n were significawrly different. None of t•:e faotors were

rated iiifa:t fy diftert-at at the .0l level under the two .:onditions.

Ait 'fot rtzer check, the raw score patterns of tne ratings on each factor

wer% iared using Fisher's ×xaot Probability Test . Aga!:, no nignifi-

... ;idney. N-nparametzlic ,tatl3tics For tVe Bi.-avlcral •:'encei.
New Y rk: M!•.r, - ' P-k 7ospany, In,-.95



cant dIfferences were found at the .01 level. The exceptions to these

findings were seven items where the instructions to the raters made a

significant difference inevitable.

These findings indicated that plan facto,, criticality should not be

affected by the conditions under which shelter systems operate. This meant

that the Evaluation Instrument could be applied to shelter systems varying

across a wide range of conditions, using a single set of weights for the

plan factor items. The alternative would have been a complicated set of

var-ing item weights to match varying shelter system conditions.

Since the ratings under conditions 1 and 2 were not significautly

different, a mean standard score rating was calculated for each factor,

using the criticality rating data from all thirteen raters. This provided

the needed quantitative data for development of the scoring method for the

Evaluation Instrument.

Six (6) plan factor items were deleted from the final form of the

Evaluation Instrument as a result of receiving a zero (C) rating by all

thirteen raters. By definition, these factors were contributing nothing to

shelter system effectiveness.

In retrospect, it should be noted that some pre-selection of plan

factors took place during the plan factor identification phase of the study.

That is, factors of a luxury nature, or those obviously not important, were

excluded from consideration. Even so, a normal distribution of plan factor

criticality was expected and obtained. A frequency distribution of mean

standard score ratings for the plan factors, as shown in Figure 6, Appendix

B, illustrates this. Those items at the iover ern of the distribution

were retained in the Evaluation Instrument because it was felt that at this

point in the development of shelter system evaluat-on techniques, errors

of inclusion ratner than exclusion were more prudent. To compensate,

adequate allowances for differences in relative importance among plan factors

were made in the scoring method.

Scoring method. As a prelude to the actual development o a scoring

method for tht Evaluiation Instr.4ent, objectives which the "oring method

sh,,ild accomplish were outlined. These objectives are presented below:

"1. Shelter systems should not be penalized when fa;tors not

applicable to them are omittcd.
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2. The scoring method should provide a numerical translation

of a shelter system's opevational capability with respect

to each category of plan factors.

3. Plan factors whose Importance to the operational capability

of a shelter system was judged to be very high must have a

weight which reflects this importance.

4. Providing for less important plan factors must not be

allowed to equate for the absence of a highly critical

factor if such absence could lead to system failure.

5. Failure to provide for factors whose owission could result In

system failure should be penalized heaviiy by the scoring method.

With these objectives in mind, the scoring method.to be discusaed was

developed.

To preclude penalizing shelter systems for not providing for plan

factols invalidated by specific conditions, possible responses to each plan

factor item include "not applicable." An N/A or "not applicable" response

to a given plan factor iter may be appropriate for several reasons. The

use of this response choice is discussed in detail later on in Appendix C

when utilization of the Lvaluation Instrument is reviewed.

Throughout the development of the Evaluation Instrument, the basic

structure of the scoring method was under consideration. The choice was

between (a) deriving a single overall score to represent a shelter system's

operational capability, or (b) developing a profile scoring method whereby

the level of operational capability or effectiveness could be presented

by plan factor categjry. The second method was chosen because it facilitates

a diagnostic approach to shelter system evaluation. Emphasis on the giag-

nostic approach to shelter system appraisal is a salient characteristic of

the Evaluation Instrument.

In the scoring method developed, a score is computed for each plen

factor category. These scress are then displayed graphically on a profile

chart. Pr-sentaticn of the scores in this manner affords an easily inter-

p;rinted illustratio)n cf the strong and weak po.ints of a shelter system. An

example of how the profile chart is used is shown in Figure 8 in Appendix

C.

Two measures "ere taken to reflect the importance of highly critical

factors, and to prevent the provision for leas important factors from
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obscuring the absence of a highly critical factor. One, a curvelinear

transformation was used in converting the mean standard score criticality

ratings of the plan factors to item weights. And two, a scoring technique

was developed whereby the plan factor item weights are subtracted from a

maximum possible score for the pertinent category when plan factors are

not provided for. The combined result is a scoring technique which allows

the drastic effect 3f failing to provide for very important plan factors to

be reflected numerically without giving undue weight to less important

factors. The shape of the curve described by the transformation chosen to

convert ratings to item weights is shown in Figure 7, Appendix B. A dis-

cussion of the rationale behind the choice of the transformation accompanies

the figure. The conversion table which was used to transform the mean

factor ratings to item weights is shown in Table 1, Appendix B.

The maximum score possibl'e in each category was arbitrarily set at

100. Those factors assigned a criticality rating of' 3 (absence could cause

system failure) by 92% or more of the raters were given an item weight of

100. Items given nearly this high a composite rating received correspond-

ingly high weights (92, 81, 70, etc.) with item weights decreasing rapidly

for lower rated factors (see Table 1, Appendix B). Using the scoring method

developed, the following situations could occur during an evaluation.

If a factor with an item weight of 100 is omitted, the highest

posible score for the category containing that factor is zero (0). The

system has failed regardless of how many other factors in the category

have been provided for. If R category contains several. highly critical

factors which have not been provided for, the category would ieceive a high

negative score. Although a shelter system can only fail once, so to speak,

negative category scores indicate a serious deficiency in the system with

respect to those categories. The larger the negat've score, the more

serious the deficiencies.

Detailed instructions for itplementing the scoring methcd are pro-

vided in the Instruction Matiua. which accompanLes the Evaluation TInstrument.

Profile Chart. As previously stated, thp evaluation of a community

shelter system Is diagnostic in nature. That is, an evaluation is conducted

to determine, first, if there are deficiencies in a shelter system, and

second, where exactly these deficliencies exist. Altho-ugh irf.Dimat'on re-

garding system deficiencies is available piecemeal during the co:rfe cf an



evaluation, data of this nature are most meaningful when displayed graph-

ically as an integrated whole. The profile chart developed to compliment

the scoring method provides a pictorial overview of a shelter system's

operational capability. A sample of a completed profile chart is shown in

Figure 8, Appendix C.

A bar graph format was chosen for the profile chart because it

provides the best contrast between .,ll-provided for and deficient cate-

gories. The area assigned to each category is i.dentified by the category

title at the top of the chart. Positive converted scores for each category

are plotted directly on the chart using the 0-100 scale on the side of the

chart. This is not a percentage scale. Rather, it is a unit scale of

arbitrary length determined during the development of the scoring method.

Negative converted scores are giv,,n a token shaded area below the zero line

and the actual negative score is entered in the category's area directly

below the shaded portion. Token shaded areas and actual scores are used

to indicate negative converted scores on the chart because of the extreme

variaticn in possible negative scores. Negative converted scores can range

from zlrz to over 700; this range cannot cor enient'.y be plotted to scale

on a small page.

Tryout

At this point in the study a complete but untried Evaluation Instru-

ment existed. The tryout consisted of evaluating two shelter plans by use

of the Evaluation Instrument. The fcllowing paragraphs tell why a tryout

phase was needed and how it was carried out, Specific objectives to be

achieved by the tryout are listed. The results of the tryout are discussed

In terms of the degree to which each objective was achieved. Also included

is a discussion of the deficient categorieb common to both of the sheltEr

system plans used in tho tryout.

Purpose. The purpose of this phase of the study wa6 to proof-test

the Evaluation Instrument as developed and make eny refinements necessary.

Although tht two avvtlable shelter system documents could only b,- classi-

fied as repreaenting preltminary planning efforts, they uerv f-.r the most

part fairly detailed in rature. A satz•ifactory veriftcation of the Evalu-

aticn instrumrwt wus deemed possible.
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Approach. The Evaluation Instrument was aprlicd to two sets of

community shelter system planning documents which represented preliminary

planni.ng-stage data. The techniques used werc exactly as described in the

Instruction Minual which accompanies the Evaluation Instrument.

Specific objectives of the tryout were to:

i. Evaluate plan factor items for clarity and conciseness.

2. Test the facility with which individual items could be

applied to actual plans.

3. Determine the feasibility of the Evaluation Instrument

format.

4. Check the adequacy of coverage of (a) plan factors within

the categories, and (b) the categories themselves.

5. Evaluate the scoring method.

6. Evaluate the usefulness of the instrument in assessing

the operational capabilities of shelter systems as they

are described in written form.

7. Determine, if possible, whether written system documen-

tation is an adequate basis for an evaluation or whether

site visits may also be required.

Successful achievement of the above ojbectives would produce a

complete and verified Evaluation Instrument.

Results. Individual plan factor items were evaluated for clarity

and conciseness by the thirteen raters during the criticality rating phase

of developing the Evaluation Instrument. Ambiguous or vague statements

brought to light at that time were re-written. A second evaluation of

clarity and conciseness during the tryout served to double-check these

aspects of the plan factor items.

'tatemc-ts regarding previsions for individual plan factors in the

system dscumentation were readily identified with the corresponding plan

ftctcr items in the Fvaluaton Instrument. The on1y problems encountered

were in lo(ating the appropriate information in the planning documents.

Further dis(-ussion cjf this 3stuation is pertin-nt to instrument format which

i:F covered next.

.'rganization of thc plan factor Items into subject-matter categories

dii much to alleviate the problem of matching plan factor items to state-

ments regarding provisions f,)r thiem in the system documentation. At the
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present time, the classification of information and its organization in

documents describing a shelter system sre determined by the local shelter

system planners. As long as this sit'iqtion continues, the best organiza-

tional format for an evaluation instrument is one which facilitates the

matching of plan factor items and statements regarding provisions for them.

The subject-matter grouping of plat factor items used in the Evaluation

Instrument does facilitate this matching process. In the long run, com-

munities should be provided an outline of the Evaluation Instrument so that

planning documents would be more standard in organization.

No individual plan factors or categories of factors were found in

the two shelter system planning documents evaluated which were not also

included in the Evaluation Instrument. This is not to say that the list

of plan factors in the instrument is so extensive that new factors may never

be identified. However, until communities have considerable more guidance

in the development of a shelter system than they do at the present time,

the coverage provided by the Evaluation Instrument will be quite adequate.

As more comprehensive guidance becomes available to local shelter system

planners, the Evaluation Instrument should be revised to accurately assess

the more sophisticated planning efforts which can be expected.

The method of responding to individual items provided a satisfactory

means for recording the results of the item-by-item evaluation. Category

total scores were easily determined. The arithmetic of summing item weights

to obtain category totals and the calculation of cnverted scores for each

category were easily accomplished within the formats provided.

Evaluation of the two sets of shelter system planning documents

verified the instrument's ability to assess preliminary system planning

efforts and tr clearly differentiate levels of comprehensiveness in such

planning. The sample Operational Capability Profile depicted in Figure 8,

APpendix C, was prepared using the actual results oý. the evaluation of the

moi-e detailed of the two system planning documents. As can be seen, great

"-artations in pvviding for factors in the various categries are reflected

by the profile chart. This ,hecks well with the author's impression of

these variations aj he conducted the tryout. Althtugh this partIcular

shelter system did n-t make a very g&,od showing in the evaluation even

though it was th,! better of the two, it must be remembered that neither of

the planning documents was prepared as & final operational plan. They did
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serve their purpose, however, in that they were complete enough to allow

an evaluation to be accomplished, showing the Evaluation Instrument to be

effective in assessing preliminary planning documents. System documentation

actually submitted to OCD for evaluation will most probably be much more

complete even in the preliminary planning stages.

Due to the type of system docutientation available for use during

the tryout, an unqualified recommendation regarding the sufficiency of a

completely "paper" evaluation of a shelter system, as opposed to on-site

visits, cannot be made at this time. A great deal will depend upon how

well all aspects of the community shelter system to be evaluated are docu-

mented. Intuitively, it would seem that if a shelter system were completely

documented, a satisfactory "paper" evaluation of that system should be

possible. However, this assumption should be verified as soon as system

documentation and corresponding equipment and facilities are available in

an operational community shelter system.

It is also interesting to note the results of the tryout in terms

of the deficient categories (those with negative scores) common to both

community shelter systems. In general, they represent those areas of civil

defense research and guidance which have received the least attention to

date. The categories are listed below with comments, where appropriate.

Shelter Management (Pre-Emergency) - particularly deficient with

respect to personnel selection, proof-testing, specific assignment to

shelters, documentation of management guides, and training.

Shelter stocking - Very little, if anything, was mentioned regarding

this. Apparently communities are content to leave this in the hands of the

Federal government under the marking end stocking program.

P~riodic Maintenance - almost completely ignored.

Post-Shelter Planning (both Pre-Emergency and In-cmIelter) - These

two categories were completely ignored with the exception of a few comments

regarding immediate area decontamination it one of the documents. It

should be re-emphasized, however, that the documents evaluated represenred

such an early stage in shelter system development rhat the authors may well

have felt this was lcokng too far ahead.



Warning System - Neither plan mentioned a civil defense warning
system although both communities probably have them. Perhaps communities
consider their warning systems as independent of the shelter system.

R!diological Defense - Both systems were weak in this category
although each had provided for factors the other had not.

Sanitation - For the most part, the deficiencies were caused by not
providing for several moderately critical factors.

Contingency Planning - As with Sanitation, system failure would be
attributed to failure to provide for moderately critical factors.

Concluvions

The Evaluation Instrument developed under this contract represents
an initial step in the evolution of a technique for assessing shelter

systems. The study has resulted in a first approximation to a comprehensive,
objective, and detailed procedure for making a quantitative -valuation of
all phases of the development, maintenance, and operation of community

fallout shelter systems.

In its current stage of development, the instrument represents
composite judgments concerning the essential characteristics of shelter
systeme, the relative importance of these characteristics to operational
capability, and the applicability of the instrument as it is. Civil
defense, however, is a dynamic undertaking. In the present instrument,
plan factor coverage, and evaluative techniques are as comprehensive and
objective as funds and time would permit. Unfortunately, in documenting
anything as dynamic as the subject-matter at hand, written material is
ofteii in error or otherwise Apficient before it cen be published. For
these reasons, the Evaluation Instrument should be continually updated to
reflect the latest results of on-going research.

"Since *his has been a developmental effort, recommendations in the
usual sense of the word are not in order. However, several suggestions
with respect t refining the present instrument are appr°.priate. These

may b-• found in the secti)n of this report dealing with suggesti)ns for

future iesearch.
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GUIDANCE MATERIAL

Development

Rationale. Adaptation of basic plan factor information to a guidance

material format was proposed for several reasons. First, there was nothing

resembling the proposed effort available in the literature reviewed. That

is, nowhere did there exist a comprehensive yet condensed and readable

listing of the multitude of specific factors which must be considered when

developing a community fallout shelter system.

Second, it was felt that merely listing the characteristics of an

effective shelter system was not enough. Plan factor information should

be presented on a concrete level so that decisions could eaoily be made

regarding whether or not factors would be provided for. Further, the

format for presenting guidance material should be such that these decisions

had to be made.

Third, the amount, type, and level of community shelter system

development efforts being carried out in the nation at the time this study

began indicated a real need for system-oriented guidance of the type pro-

posed. And fourth, community shelter systems patterned after the proposed

guidance material should provide adequate fallout protection, and should be

amenable to evaluation by the instrument under development.

Source of Material. The Evaluation Instrument and the guidance

material were developed on the basis of the same data. During that phase

of the study in which plan factors were being identified in the civil

defens_ and related literature, information regarding the factors was

abstracted in considerably greater detail than was necessary for use in

the Evaluation Instrument alone. Considerable editing was required to

convert thcse basic data to plan factor items f'r the Evaluation Instrument.

Hcweve; much material not needed for the Evaluation Instrument was useful

in rreiparing the guidance document.

In treat!ng plan factors in the guidance material, details and

qualifications were w.ven into the discussion of the basic factors in such

a way as to lend continuity to the presentation of the material, and to

make it -,peciflc enough so that individual local civil defense planners
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could relate it to their own situations. The common source of background
material made it possible to develop two research products with considerably

greater scope than would otherwise have been possible.

Format. Development of a format for the guidance material was

based on the following objectives.

1. Discussion of the plan factors had to be readable,

reasonabjy brief, and meaningful to local civil defense

planners coping with widely varying system conditions.

2. The guidance materiai'had to be presented in such a

manner that basic decisions regarding a shelter system

for the community would be made automatically if the

instructions for its use were followed.

3. The format must provide for exceptions to community-

level decisions with respect to individual shelters.

To accomplish these objectives, A Workbook For Use by Local Civil

Defense Officials was developed. The guidance material is presented in
a columnar format in the workbook. In the first column from the left, a
brief paragraph is devoted to the discussion of each plan factor in turn.

Organization of this material within the workbook in general parallels
that of the Evaluation Instrument, except where some deviation is needed

to achieve continuity of discussion.

Accompanying the discussion of each plan factor and directly to its
right in the second column of the format is a decision statement which
briefly summarizes the discussion and presents it in the form of a decision.

This column is entitled "Decisions for Community Shelter System." For

example, a plan factor concerning the cross-training of shelter management

personnel is accompanied by the following decision statement: "Members

of each shelter-management staff will be cross-trained so that they can sub-
stitute, if necessary, for people in other departments." The decision

statement is accepted or rejected for the shelter system. When appropriate,

decision statements contain blanks to be filled in by the planners. An

example of this would be a decision statement such as the following:

"Shelter will be provided for M days."
In order to provide for eicceptions to community-level decisions with

respect to individual shelters, a third column is provided. It is labelled

"Modifications for Shelter No. ." ExceptionA to or details of the
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community-level decision as it relates to a specific shelter are entered in

this column. Ble.nk space is provided in the column for recording exceptions.

When details specific to each shelter are required, a decision statement

with appropriate blanks is placed in the third column. (Example: Shelter

No. will provide shelter for (X) days.)

Use

The guidance material workbook was designed specifically for use by

local civil defense planners. It is being submitted to the Office of Civil

Defense in manuscript form. The workbook represents a proposed approach to

a perceived need for guidance in community shelter system development in an

integrated form under one cover. If the approach is acceptable, it is ex-

pected that OCD will adapt the material to their publication specifications

and make copies available to local civil defense officials.

Detailed instructions for applying the guidance material in develop-

ing a community shelter system are provided in the workbook. In general, the

guidance material is used in two stages. First, decisions are made on the

plan factors as they pertain to the shelter system as a whole. Then after

apprupriate action has been taken, each decision is reviewed in light of

individual shelter requirements. This procedure has the advantage of develop-

ing a shelter system tailor-made to the facilities available or anticipated.

It also serves to double-check the practicality of system-level decisions.

If too many individual shelters must make exceptions to a system decision, it

may indicate the initial decision was erroneous.

When community planners have read and responded appropriately in

completing the workbock, most of the decisions tasic to the development of a

community fallout shelter system wili have been made. This represents the

first step in the development of an effective snelter syjtom. Subsequent

steps will be concer-ed with implementing these decisin-3.
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SUGGESTIONS FOR FUTURE RESEARCH

The suggestions for future research, to be offered here are categor-

ized as (a) those pertinent to both guidance and evaluation, (b) those

specific to guidance material, and (c) those specific to the Evaluation

Instrument. They are discussed in this order below.

Increasing Coverage of Critical Aspects of Shelter Systems

Since the scope of the present project is broader tban that typical

of most sheiter research projects, it is not surprising that available

literature failed to provide the assistance neeeed in dealing with all

critical aspects of developing, maintaining, and operating a coumnity

shelter ytem. Research efforts to date have for the most part been con-

cerned with those aspects pertaining to a single shelter during the time

it is in use as a shelter. Such areas as periodic waintenance, planning

for pcst-shelter living, integrated control of a system of shelters, and

coordination with higher eschelon CD organizations have received less

research att.?ntion. As •'e basic orientation of this study was "evaluation

in the light of current and developing knowledge in civil defense," it viaB

possibie to identify plan factors in the above-mentioned areas only to toe

extent that usable information on the subjects was available.

',,hile there were some data available on the critical aspects of

what might be termed the "extra-shelter" functions, coverage was nut con-

sidered to be entirely adequate. Similarly, there was very little such infor-

m~tic aveila'le to eimmunities as guidance material. This was apparent

in the results of the tryout of the Evaluation Instrument. Additional

research in identifying the critical aspects of such areas as post-shelter

planning, periodic maintenance, coordination, control, etc., is needed to

erhance toth guidance and evaluation.

Integratng Guidance Material

During the eourse tf the present study, it became apparent that an

irtegrat~ud presentation of the basic data necessary to plar a community

shielter system was needed. Although there is a cons!derable amrount of

data available at present which is of value to persons trylng t• develop

n community shelter system, this info?Ation Is scattcr-ed tCu-ughuut a



great number of documents which often disagree on many points. The manu-

script, A Workbook For Use by Local Civil Defense Officials, prepared

during the present study, represents a proposed approach for bringing tVis

information together in an integrated form under one cover.

The guidance document prepared during the present study represents

an initial step in what could be the de-velopment of an integrated guide to

community shelter system development. Such a guidance "package" would

present a detailed, step-by-step set of directions for developing, maintain-

ing, and operating a community shelter system. Achieving an integrated

guidance "package" of the magnitude and comprehensiveness suggested will

entail; (a) refining present data, (b) increasing the coverage of critical

aspects, (c) research on the optimum organization of the guidance material,

and (d) research on the format for presenting the data.

Enhancing the Evaluation Instrument

Although work on the present project to date did not reveal any

3aps in coverage of important factors as presented in the evaluation

instrument developed, continued research may provide information for

adding to the plan factors or for revising their weighted values. Other

improvements in the instrumeat may be made possible by future research.

These improvements could include the following:

1) determination of a ccntinuum or at least multiple

levels-of-adequacy for each plan factor.

2) development of a means of evaluating the interaction

among plan factors.

3) refinement of a scoring method incorporating the results

-f (a) and (b) above.

4) continuous review of the accuracy of the plan factor data.

The aforementioned efforts 6re discussed in more detail in the following

par&graphs.

Uet-rmln ing lcvel-of- adequacy standards for the individual plan

fao'tors will te a two-•tage operation. First, the multitude of specific

find•n•s f•'•m current and anticipated shelter research must be Vevfeled

and tr'.,n,.'atel into a foem which will focilitate their use in detormining

levels of adequacy. Thls will be necessary prima:'ily because neither the

research effnrts nor reýurts of the findinge are oriented towards such a

spceclfic use.



As the research data are translated into standards, the dichotomous

(present-absent) approach to evaluating plan factor provisions should be

replaced with a system which permits the quantification of each level of

adequacy at which individual plan factors can be provided for. When

possible, several points on a continuum of possible levels should be

identified for the individual plan fac'or. This should be done to allow

for flexibility in determining the minimum level of adequacy, since the

minimum will, to some extent, be dependent on community conditions. As a

supplement, a set of criteria should be developed which will help evaluators

determine the minimum levels of adequacy for each shelter system.

It must be remembered, in conjunction with determining levels of

adequacy, that not all plan factor variables are continuous. Many are

dichotomous or at most trichotomous. These factors probably would be

retained in th'!ir -resent form.

A quantitative investigation of ýhe interaction among plan factors

is also needed. Interaction between pai>, or small groups of plan factors

is subjectively apparent when reading the. ?lst of plan factors. However,

a quantitative estimate of the effects of plan factor interaction is needed

to realize the full potential of an evaluation instrument. Of particular

concern, is the effect of interaction on the importance attached to each

plan factor. This will entail developing a means of evaluating plan factor

interactions arid then incorporating the results into the total evaluation

schema. Other types of interaction which also must be evaluated include

interaction among plan factors, community characteristics, and the basic

assumptions upon which development of the shelter system is based.

As information becomes available regarding levels of adequacy and

plan factor interaction, the scoring method for the evaluation instrument

will have to be modified considerably. Integrating level-of-adequacy and

int-action data on the plan factors into an overall evaluation schema may

result in a major modification to item format and possibly to the organization

of the evaluation instrument.

A satisfactory mqrriage of adequacy and inteic&tii)n data or a purely

objetive basis will probably not be possible for some time to come.

inlital scoring techniques will most likely rely on judgaent-3 in much the

same way that the present scoring mettod does.
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Keeping plan factor data current will be of primary concern regard-

less of other research contemplated. The results of current and future

civil defense research bhould, of course, be incorporated into the evalu-

ation instrument as they become available. This should prcceed concurrently

with similar efforts on the guidance material. More than a simple updating

process is involved, however. Although some new factors will be identified,

most new data will apply to levels of adequacy in providing for plan factors.

When modifying old data or including new information, the following should

be considered. Minimum requirements or standards should be stated as such

only when they have been substantiated by research and will stand without

extensive revision for sume time to come. If the data nave not been sub-

stantiated and are subject to change, they should be identified as such.

This is an important consideration for both evaluation and guidance material.

The credibility of minimum requirements and standards information is right-

fully suspect when they are subject to continual change without notice.
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APPENDIX A: DATA COLLECTION
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INTRODUCTION

In this portion of the research report, sample pages of the instru-

ment used to collect criticality rating data are presented.

The first illustration presents instruCtions that preceded both

versions of the plan factor criticality data collection form. Following

this, are the two descriptions of the conditions under which the criticality

of the plan factors was to be rated. The last illustration in this section

represents a sample page of plan factors from the data collection form.
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CRITICALITY RATING FORM

As part of Project C-98's effort to develop an instrument which
may be used to -.valuate the effectiveness of community shelter systems,
the plan factors which appear on the following pages have been collected
from many sources. Some of the factors are obviously crucial to a
system's meeting its objectives; other factors are less important. In
order to obtain quantitative estimates of the criticality of the factors,
we are asking a numb"i- of persons to rate the factors with respect to
the consequence of failing to provide for them in planning the shelter
system. On the following pages, spaces are provided for you to write
a number (1, 2, 1, or a) beside each factor, which reflects your estimate
of the factor's importance in meeting the objective of the shelter
system.

A short statement of the system objective, and brief descriptions
of the "criticality levels" associated with each of the four points on
the scale are given here:

SY13TEM OBJECTIVE

Survival of the grea' est percentage of the population possible,
with the survivors i., condition to commence recovery operations
immediately upon lef.ving the shelters.

LEVELIS OF CRITICALITY

Rating Consequence

3 Failure t, provide adequately for this factor could
result in the shelter system's failing to accomplish
its objective.

2 Failure t, yrovide adequately for this factor could
seriously d~grad.e the effectiveness of the shelter
system, but would not result in total system failure.

1 Failure to provide adequately for this fact-r could
moderately degrade the shelter system, but would not

seriousi3 impair accomplishment of the system objec-
tive.

0 Failure to provide adequately for this factor would
probably he- of little or no consequence for the sys-
tem's achiEving Its objective.

Figure 1. Instruction Theet fr'cm Plan Factor Critlcalýty Datn
Collection FL rm



CONDITIONS OF THE SHELTER SYSTEM (i)

The importance of many of the plan factors will vary depending
upon such circumstances as population density and proximity tc tar-
gets. To minimize this problem of "contingent criticality," certain
conditions of the shelter system are described below. Read tLese
circumstances carefully and keep them in mind as you rate the impor-
tance of the plan factors.

1. The shelter system to be evaluated is that of a large
city with a highly concentrated population and an
accompanying industrial complex.

2. All types of group shelters (50 or more occupants) which
are supported with public funds are included in the city's
shelter system, i.e., single-purpose, dual-purpose, and

multiple-purpose. The dual- and multiple-purpose shelters
include some in which the shelter function is primary and
some in which it is not primary. Small group (fewer than
50 persons) and family shelters are not included.

3. Local civil defense planners do not consider the city itself
a prime target, but it is bracketed by prime targets within

a 50-mile radius so that blast, heat, and heavy concentra-
tions of radiation from fallout can be expected regardless
of weather and wind conditions.

4. A warning time of 15 minutes between signal and blast is
assumed.

5. Size of weapon and type of burst are not specified, but
blast and fire damage is expected to range from moderately
heavy to very light across the city depending upon distance

from ground zero and upon the type of structure. Radiation
levels will vary but all may be considered high enough so
that unprotected persons would die of radiation sickness in
a very short time.

6. Radiation levels will be such that no one will be able to
leave the shelter for the first four days following the
attack. Limited recovery operations can be initiated 14
days after the attack.

Figure 2. Description of Condition 1 from Plan Factor Criticality

Data Collection Form
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CONDITIONS OF THE, SHELTER SYSTEM (2)

The importance of many of the plan factors will vary depending
upon such circumstances as population density and proximity to targets.
To minimize this problem of "contingent criticality," certain con-
ditions of the shelter system are described below. Read these circum-
stances carefully and keep them in mind as you rate the importance of
the plan factors.

1. The shelter system to be evaluated is that of a small town
(population below 5,000) with low population concentration
and little or no industrial complex.

2. There are several group shelters (50 or more occupants) in
the system. Several of the possible types of shelters are
represented. Possible types are: single-purpose, dual-
purpose (with shelter func'ions either primary or sEcondary),
and multiple-purpose (with shelter function primary or not
primary). These conditions are prescribed to pr'=clude
simple solutions such as one-shelter communities, or a homo-
geneous shelter system.

3. The community is definitely not a prime target and is more
than 100 miles distant fror anything that might be considered
a prime target. However, pi'ime targets are located with
relation to the community Fno that radiation levels from fall-
out will be such that radiation protection must be provided
for the people of the community. There are no specific re-
quirements for blast or heat protection.

4. A minimum of 45 minutes is assumed to be available between
the time the warning that the nation is under attack is re-
ceived and the first traces rf fallout begin to arrive.

5. Radiation levels will be such that emergency operations may
be conducted outside the shelter two days after the attack
and full scale recovery operations can commence 14 days
after the attack.

Figure 3. Desr.'ption of Condition 2 from Plan Factor Criticality
Dnta Collection Form
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GENERAL (01)
Ra-
"ing

1. If permanent and completely adequate shelter .
facilities are not yet available for everyone
in the community, have steps been taken to
provide interim shelter facilities? i. 3

2. Has an analysis of such variables as the
proximity of targets, the probable priority
of such targets, and the prevailing winds
been conducted to determine what effects of
a nuclear attack are possible? 2. LI

3. Have specific assumptions been mace regard-
Ing the type of effects (blast, he.-at, radia-
tion) for which protection is to be afforded? 3.

4. Has the degree of protection which is going
to be provided against the effects of a
nuclear attack been determined? 4.1

5. Have civil defense personnel made estimates
for physical casualties caused by atomic,
biological, and chemical attack, based on
local data and information furnished by the
Office of Civil Defense? 5. L

6. Have civil defense personnel made estimates
for psychiatric casualties at the rate of
one such casualty for every four physical
casualties, or less? 6. /

7. Are plans for highway construction and street
improvements to be coordinated with civil
defense planning to enhance accesg to the
shelters? 7.! /

8. Are building codes such th!.±t it is feasible I
to include shelter space in new buildings? 8. 3

Figure 4. Sample Page of Items from Plan Factor Criticality
Data Collection Form
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I•IMO]YXCTION

This section of the report consists of a more Aetailed presen-

tation uf the data analysis phase of the study. The essential features

of the analysis are summarized briefly in the section pertaining to

development of the Evaluation Instrument. A discussion of the results

and implications of the analysis is also provided in that section.

Specific aspects of the data analysis coverel here are: prelim-

inary data processing, (b) the primary analysis phase, and (c) deri-

vation of item veights. The discussions regarding these efforts deal

with what was accomplished, and, when not obvious, why the approach

was used. Interspersed throughout the discussions are figures illus-

trating the snalysis and results.
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PRELIMINARY DATA PROCESSING

The item ratings in each data collection form were tabulated by at

least two project staff members. Several checks for omitted ratings or

incorrect tallies were made as the raw data were prepared for analysis.

Raw score ratings were entered in a data organization form where

they were identified by rater, plan factor item, and category. A frequency

distribution matrix of the ratings was also prepared for each rater. Rat-

ings were arranged ly critical:ity level (0, 1, 2, and 3) arid category. The

frequency distribution matri-cs made it possible to compare rating patterns

across raters ani identify those raters exhibiting a constant rating bias.

Several instances of rater bias towards high or low ratings were

identified. Since the bias appeared to be independent of the -onditions

under which the ratings were assigned; it was decided to transform the raw

score ratings to standard scores. Utilization of standard scores would

cquate focr rater bias without degrading the usefulness of the ratings. The

raw score criticality levels (0, 1, 2, and 3) werp converted to standard

scores for each rater, using as a basis for the transformation the mean and

standard deviation of the rater's frequency distribution.

The mean and standard deviation of any standard score distribution

are, by definition, 0 and 1, respectively. Ho%'ever, each rater's distribu-

tion of standard score criticality levels was given a mean of 10 to avoid

minus score, for the lower criticality levels.

Throughout the remainder of this repo t, all references to ratings,

scores, or data will be to their standared score form unless otherwise stated.
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DATA ANALYSIS

The criticality ratings were organized for computer analysis so
that all rating data pertinent to a single plan factor item could be placed
on one card. A computer program already available was modified slightly to
obtain the following information for each factor:

a) mean ratings and standard deviations for each item

under conditions 1 and 2.
b) a mean and standard deviation for each item based on

the combined ratings under both conditions.

c) a "t" value for each item from the comparison of the

mean ratings under the two conditions.
Means and standard deviations were also to be obtained for three

anticipated populations of ratings. These were: (a) a population of con-
dition 1 item means for those items found to be rated significantly differ-

ent under the two conditions; (b) a population of condition 2 item means

for the same items, and (c) a population of combined mean ratings for those

itemz not rated signifieantly different.

The rationale for obtaining the above-mentioned data was as follows.

Mean criticality ratings were to be used as the basis for determining

weights for the items in the Evaluation Instrument. If the mean rating for

an item, under condition 1, was significantly higher than the mean rating

under ccndition 2, the two mean ratings would be kept separate and two sets

of weights would be derived for that iteu. If the mean ratings were not

significantly different, all ratings would be utl.lized in computing a com-

bined mean. This value would then be used in deriving a single item weight.

The means and standard deviations for the three anticipated populations

(conditions 1 and 2 means, and combined means) would be used in the deriva-

tion of three different sets of item weights.

Computation of the means, standard deviations, and the t values was

accomplished on a Burroughs 220 computer.

A P value of .01 was set as the level of significance at which the

null hypothesis (no difference between ratings under the two conditions)

would be rejected. Since only those instances in which the mean rating for

condition 1 was greater than that for condition 2 were of interest, the

significant t value for a one-tailed test was used.
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An examination of the t values showed none of the items to have been
rated significantly different in the appropriate direction under the two

widely differing conditions. The exceptions to these findings were seven
items where the instructions to the raters made a significant difference
inevitable. As a double check, Flsher's Exact Probability Test was applied
to the raw sr:ore rating pattern for each item. Again, the seven items
previously mentioned plus two additional items were found to be rated sig-
nificantly different at the .01 level. Analysis of the subject matter con-
tent of the two additional items indicated their significance was a chance
occurrence. This was not surprising since at the .01 level, fivo (5) out
of a total of 49 3 items could be expected to be significant by 'hance alone.
The three raw score patterns which would be significant at the .01 level
(P value of .005 for a one-tailed test) are shown below in Figure 5o

RATINGS

Bigh Low IHigh iLow Lo
E-4 2

20 7 2 01 6
l 6 1 65

- _ -1 -1 65

Figure 5. Significant Distributions of Raw Score Ratings
Using the Fisher Exact Probability Test
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DERIVATION OF ITEM WEIGHTS

Since no significant differences were found between mean ratings
for the two conditions, except as noted, combined mean ratings for the
factors could be used to derive a single set of weights for the plan factor
items. A frequency distribution of the combined mean ratings for the 493
items is shown in Figure 6. The limits on the mean rating scale depict the
lowest possible mean standard score (8.0) an item could receive if all
raters assigned the item a raw score rating of 0, and the highest possible
score (11.5) if all raters assigned the item a raw score rating of 3. Al-
though individual mean ratings are continuous variables, they are grouped
in one-tenth intervals for purposes of preparing the frequency distribution
and computing item weights.

Before determining the mechanics for deriving item weights, the

following question had to be answered. Should the transformation of mean

ratings to weights be straight-line or curvelinear? A positively accel-
erated curvelinear transformation was chosen for the following reasons:

a) The scale used as a basis for obtaining criticality data

on the plan factors (see Figure 1, Appendix A) exhibited

a positively accelerated increase in level of criticality

from the low to the high end of the scale.

b) A positively accelerated curvelinear transformation would

result in item weights commensurate with the objectives of

the scoring method.

In summary, the pertinent scoring method objectives were:

-- factors judged highly critical should have a weight

ceflecting this importance,

-- providing for less important factors should not numer-

ically equate for omitting a highly critical factor
whose absence cou.d lead to system failure, and

-- heavy penalties for failing to provide for factors

whose omission could result in system failure.

An approximation of the transformation chosen (x - 8.1) , where X
represents the mean standard score rating, is illustrated in Figure 7.
Actual score transformation was accomplhed utilizing the conversion table
presented in Table 1. Examination of Table 1 shows that mean ratings below
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Figure 6. Frequency Distribution of' Mean Standard Score Ratings

of Plan Factor Criticality Levels
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Table 1. Conversion Table Used in Transforming Mean Stand-
ard Score Ratings to Item Weights

Mean Item Mean Item
Rating Weight Rating Weight

* 8.0 0 9.8 8
8.1 0 9.9 10

8.2 0 10.0 13

8.3 0 10.1 16 i

8.4 0 . 10.2. ... 19

8.5 1 _10.3 23

8.6 1 1 _ 1 10.48

8.7 1 i 10.5 t 3,

8.8 1 10.. _ 39
___9 I___ 0. 45

9.0 t 10.8 53[__ -- .. . , ..,4 . . .. ..

9.1 1 10.9 I61
i_9.2 1 11I.0 70

9.3 2 <11.1 81 -S. . . . .. .4--

9.4 11.2 92

0.5 4 j 11.3 100 A

11.4 1
9. -6 11.51 loo



8.5 received a weight of zero. This meant that the presence or absence of

plan factors with a mean criticality rating below 8.5 would have no effect

on the operational capability of a shelter system. Six items fitting this

description were deleted from the Evaluation Instrument. The mean ratings

of these six items are identified on the frequency distribution in Figure 6
by the broken line at the lower end of the distribution separating them

from the rest of the scores.

Further examination of Figure 'r, particularly with respect to the

higher mean ratings, illustrates the effectiveness cf the transformation in

achieving the desired relationship between ratings and weights.

The decision was made to assign an item weight of 100 to those items

whose absence was judged to result in system failure by at least 92% of the

raters. When coupled with the other aspe ts of the scoring method, such a

decision meant that omitting a factor so weighted would be indicative of

system failure regardless of pro-Asions for other factors in its category.

If 92% of the raters gave an item a raw score rating of 3, the minimum

standard score possible was 11.26. This value, then, served as the lower

limit for mean standard scores which could be assigned a weight of 100.

Since an item weight of 100 was equivalent to denoting system failure if

the factor were not provided for, mean ratings above 11.26 were restricted

to item weights of 100. Mean ratings so weighted are set apart from the

other scores plotted in Figure 6 by the broken line at the upper end of the

frequency distribution.
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UTILIZATION OF THE EVALUATION INSTRUMENT

A detailed discussion of the intended use of the Evaluation Instru-
ment is presented in this appendix as a supplement to ',e discourse on eval-
uation-instrument development and verification contained in the main body
of the report, This section deals with (a) the purpose of conducting a com-
munity shelter system evaluation and by whom it should be conducted, (b)
evaluation technique% (c) scoring techniques, (d) preparation and interpre-
tation of profiles, (e) critiquing an evaluation, and (f) updating techniques.

Purpose

As stated earlier in this report, a major goal of this project was to
develop an evaluation instrument which could be used to assess the opera-
tional capability of comnunity fallout shelter systems. This purpose has
been accomplished. The Evaluation Instrument is a fact. Now a more defini-
tive purpose regarding the employment of the Evaluation Instrument is in
order. Brief statements of portions of this definitive purpose have appeared
elsewhere in this report. They will be reviewed and further discussed here.

First, the Evaluation Instrument is to be used as a diagnostic tool..
In this respect, it will be useful in haiping fulfill the federal responsi-
bility to know and report the status of civil defense efforts throughout the
nation. Results of evaluations cnn be used to improve shelter systems rather
than merely comparing systems as to their adequacy. All aspects of its (evel-
opment have been directed to these ends. Plan factors are numerous (487) and
to a considerable degree specific in nature. The scoring method is based on
obtaining separate scores for each category as opposed to a single numerical
score for the entire shelter system. A profile chart was devei±ped as a means
of depicting the adequacies or deficienciee of a shelter system a category.
A critique of each evaluation is sugges+ed as a means of presenting the re-
sults in a comprehensive form whi-h will be of value to the loa-al civil
defense planners cancerned in correcting any deficiencies detected.

Second, the Evaluation Instrument is intended for uee by Office of
Civil Defense ;ersonnel at the national, regional and state levels. It is
not interdei for use by local civil defense officials. Fýople involved in
the development of a shelter system for their community cArnnot be expected
to possess the background rr thn ý-Atol,,' tek.1Ce.mnvy to providc a fuir and
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impartial evaluation of their own shelter system. In the future, it is

expected that as shelter systems are developed, plans and descriptions will

be submitted to the Office of Civil Defense for evaluation in much the same

manner that shelter facility designs are submitted for evaluation and

approval at the present time.

Evaluation Technique

As a -relude to the actual evaluation of a shelter system, the fol-

lowing steps should be taken. First, the evaluator should familiarize him-

self with all material pertinent to the system under evaluation. Second,

the material should be classified and organized to parallel the Evaluation

Instrument. When the second step is no: possible, additional time bhould be

spent on becoming familiar with the organLzation of the material, including

perhaps placing category labels in the margir~s of the documents. Accomplish-

ing these two preliminary steps will greatly facilitate the evaluation and

reduce the possibility of under-evaluating a shelter system by overlooking

information pertaining to some of the plan factors.

Item format and its relation to the evaluation technique was dis-

cussed previously in relation to other aspects of Evaluation Instrument

format. The mechanics of shifting verb tenses as necessary within individ-

ual plan factor items is covered in the Instruction Manual. No further

discussion on this point is required.

Determining whether or not a specific *actor has been provided for

can be either a simple or a difficult task. Hluch depends on the way infor-

mation on the system is classified and organized. Also, general rather than

specific descriptions of how individual factors are provided for will affect

the stability of an evaluation. That is, if an evaluator is forced to make

inferer,,cs as to whether or not factors are provided for because information

iv stated in to:, gzi:eral terms, he may not always make the same decisions,

,4ivwn '•de •n•ounts of information regarding plan factors. The mnost equitable

solution to this o,,Ublem is consistency. Type and amo.unt of infozmaticn

,:L'ch must be avrttIable before a fac-tor can be considered as having been pro-

vCld f:'. sh,,uld b.- deten'!r~ed before stArting{ an cvaluatlot. , All decisions

.':ogarildn pr,,sence or absence of facto:i sh,)uld then be base3 on these pre-
le•t .rrstrnd guldellnr~s.

An 1mri-rtant point to remember when vvlusting a sheirer system is

t!.a irc~ninn 1~ft-Ai" r~tn f,:1, It4.5 W 7-,ht0(U



absent-not applicable) rather than dichotomous (present-absent). Many

plan factors are applicable to all shelter systems regardless of the con-

diti ons inder which the system functions, but many are not. Several factors

may render a particular item not applicable to the system under evaluation.

Among these are;

a) assumptions regarding basic system objectives which preclude

the necessity of providing for the factor,

b) documented or obvious conditions such as proximity to targets,

extremely small shelter system in terms of number of shelterees

and shelters, etc., and

c) providing for other factors in such a manner that the factor

under consideration is not applicable as stated.

With respect to (a) above, it must be remembered that at least those

portions of the community shelter system developed and financed by the com-

munity are under its jurisdiction. If assumptions are made regarding these

areas which render plan factors not applicable, then as far as that shelter

is concerned those factors are not applicable. If conditions are such that

the factQrs should be provided for, this point should be empha3ized when

critiquing the evaluation. But in scoring the system, the factors in

question should be marked "not applicable."

One additional aspect of the evaluation technique should be empha-

sized. This concerns control items in the Evaluation Instrument. Several

cf the categories contain items which determine the response to several or

all items following them in the category when they are responded tonega-

t i vy.

The interrelated nature of control items and the items they affect

is such that a negative response to a control item makes only a "negative"

or "not applicable" response poasible for the affezted items. For the

purpose of scoring the affected items, a "not applicable" response was made

mandatory when the relevant control Item received a negative response.

Thtz wva done for two reasc-s. First, the affected i'em; -re in actuality

mo:e specific aspect8- of the control item and are therefore In a very real

sense no longer applicalle when the control item is answered negatively.

Se-on,1, there to no practical value in subtracting the weight-i of ttese

s,-ibold!ary item:; to do so vwJld, in effect, Increase the negative cr:tical-

ity score beyond the valae origirAlly axslgned based upon the judged effeet



of the control item.

Other aspects of the evaluation technique, such as the procedure

for marking individual items, are adequately covered in the Instruction

Manual; they merit no additional discussion here.

Scoring Technique

Detailed procedures for scoring an evaluation are presented in the

Instruction Manual. This discussion is intended to be expletive in nature

and useful as a supplement to the procedures outlined.

As previously explained, there are three response choices for each

plan factor item in the Evaluation Instrument. They are: "not applicable,"
.yes," and "no." The symbols used to indicate these responses in the

instrument are N/A, Y, and a number representing the item weight. Item

weights are used as symbols for a "no" response for two reasons. Flrst,

the negative response is the only one given a numerical value in the scoring

method. Second, it simplifies the format of the Evaluation Instrument and

makes unnecessary a further translation of a "no" response to a nimerical

value when scoring an evaluation. With this format, it is a simple two-

step procedure tý obtain a converted score for each category. All item

weights in a category which are circled during the evaluation (inal-ating

a negative response) are added together. This sum is then subtracted from

the maximum sco:•e for the categocy to obtain the converted score.

Coincident with the negatively oriented scoring procedure is the

negative nature of the item weights themselves. That is, they are based on

Judgments regarding the effect of the failure to provide (or to provide

acceptably) for plan factors in a shelter system. Also, the weights are

subtracted from a maximum possible score when the correspondiug plan factors

are not provided fol in the shelter system being evaluated. The rationale

fr this negative adproach to system evaluation is bssed om the scoring

et,!,td objectives previously outlined. Princ'pal1y, it is the most effec-

t~ve wuy of high-lighting shelter system deficiencips.

As previjusly wentioned, ar arbitrary value of 100 was nasigned to

-:."h -ateg ry as the maximum posiible score a category could achieve. A

'uteg.)ry receivr the ipximus iuore =n1y if all factors .n the -ýtegory are

Tr•;vtdc4 for, or thosr whtch arr nz•t provided for ark notL2j.,licable to tho

ah.!lter system being eyaluated. For every 11iat lame 'lan fnctoi ný t ; r, -
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vided for in a category, an amount equal to the factor's item weight is sib-

tracted from 100.

Since the sum of all item weights in a category is in most cases

greater than 100, it is quite possible for a category to have a negative

converted score. A zero or negative converted score for a category can

occur when one or more factors Judged unanimously as causing system failure

are not provided Por, or in the cabe of the larger categories when several

moderately critical plan factors are not provided for.

In sumary, the scoring technique can be likened to a demerit system

in which each person starts with a given number of credits or merits. Then

a pre-determined number of points are assigned to various negative character-

istics, and demerits of corresponding value are charged to individuals for

deficiencies such as slovenly appearance, below average performance, etc.

In such a system, the best record which can be achieved is to end up with

the same number of points originally assigned. Anything less denotes the

detection of deficiencies, So it is with the scoring method developed for

the Evaluation Instrument.

Profile Chart

Upon completion of the computational steps in scoring an evaluation,

a converted score should appear on the Computation Sheet of the Evaluation

Instrument booklet for each category. This converted score is plotted on

the profile chart provided in the Evaluation Instrument booklet. An example

of a completed profile chart is shoin in Figire 8.

Because item weights are based upon pooled Judgments rather than

upon experimental manipulation of operational shelter characteristics, no

system failure point has been labelled on the profile chart scale. However,

the item weights, maximum score concept, and profile chart scale, have been

developed and defined in such a way that a zero or negative converted score

in one or more categories is Indicative of system failurL. Since the Evalua-

tion Instrument is a diagnostic tool, primary concern is for what csused an

indication of system failure. Categories deficient to the point of system

failure are quite obviously portrayed as such on the profile chart. This

Js the function of the present profile chart. Identification and diesussion

of the causal factors and the suggeotion of remedial action ace the function

of the Evaluation Critique.

-48.



.770

._____ ......

-- ---- .... .... ... ... ...

..-....



Evaluation Critique

It is not the purpose of this section to provide a detailed outline

of how an evaluation should be critiqued. The special relationship of the

Office of Civil Defense (OCD) with state and local civil deftnsn organiza-

tions demands that this be determined solely by OCD policy. However,

several suggeotlons are discussed regarding some 3spects judged to be

important in such a critique as it relates to the evaluation.

The most Important point, quite naturally, 13 that a critique be

prepared. No score in a diagnostic evaluation such as this has meaning

unless the details of the shelter system to which the score relates are

discussed.

Each category score should be discussed in terms of the plan factors

which are absent or inadequately provided for. For the critique to be of

the most value, it is suggested that detailed guidance also be given on

how missing factors can be provided for. If alternative means of provid-

ing for factors are available: they should be listed so that communities

can choose the means most suitable to their circumstances.

When a category receives a zero or negative score, one or more highly

critical factors are usually missing, and the remedial action required is

obvious and amenable to discussion. However, interpretation of low positive

scores with respect to system failure is a much mort complicated task.

Since certain combinations of absent factors could result in equal scores

but unequal total effects, inspection of the individual factors involved

should always be accomplished. If a low positive score is the result of

failing to provide for a consideroble number of moderate and low criticality

factors, suggestions for impro-;ing the system may have to be presented in

the form of alternative courses of action, particularly when factors which

are low in criticality but costly to provide for are involved.

Updatig Techniquýs

The content of plat. factors included in the present Evaluation Instru-

ment reflects material in OCD issuances, and in CD research reports available

as of the end of November 1962. Inputs to the factors themselves were curtailed

at this time to perait the collection of data on the level of criticality
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of the individual factors. Civil defense research as an on-going effort,
has already produced results which affect the content of the present plan

factors.

The extent to which the present population of plan factors represents
the total possible number, is not known. However, it is known that coverage
is not complete; particularly in what might be termed the "extra-shelter"
areas. To further complicate the matter of coverage, no two civil defense
"experts" will agree on all factors which should or should not be included
in an evaluation instrument: seldom will they agree on the importance of a
given factor.

In light of the above-mentioned conditions, the revision of item
cortent, and the addition or deletion of whole items must be feasible and
.•Latively easy in order to maintain a current and acceptable instrument.
Three methods of determ-*nlng item weights for new or substantially rcvi scd
items are offered in this section. The weighting techniques described herein
represent interim measures which are appropriate for a limited number of

changes. If large-scale revisions are to be undertaken, efforts should in-
clude the development of a more sophisticated scoring method. Some aspects
pertinent to refining the present scoring method are outlined in the section
of this report dealing with suggestions for future research.

.proach A. The approach outlined here is essentially that used to
derive item weights for the present evaluation instrument. It is recom-
mended as the most .•lLable of the three to be presented. The sequential
steps in implementing the approach are outlined below.

1. Obtain ratings regarding the level of criticality of each
new or substantially revised item from as many judges as

possible who are knowledgeable in the subject-matter areas
represented. The raters should be given instructions similar

to those shown in Figure 1, Appendix A. The items need not
be rated under specific conditions as was done in the present

study since it was found that such conditions do not sig-

nificantly affect the ratings.

2. Compute standav.d score equivalents for each rater for the

four levels of rritleality (0, 1, 2, and 3).
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3. Sum the standard score ratings across raters for oach item.

Calculate a mean ztandard score rating for each item. Round

these mean ratings to the nearest tenth (examples: 8.•, 9.1,
10.6, etc.)

4. Calculate a conversion table similar to the one shown in
4

Table 1, Appendix B, using the transformation (X-K) ; X

represents the mean standard score rating and K ir, a constant.

Thb value of the constant should equal the mean standard score

rating obtained if all raters assigned an item a raw score

rating of 0.

5. Enter the conversion table with the vale oa hoh meau stand-

ard score rating for the item, and read off the corre5Avk.vivng

item weight. Using the transformation suggested in step 4,

an item which receives a majority of raw score ratings of 0

will have an item weight of 0. This signifies that the item

is judged to have no effect ('n the operational capability

of a system. It should not, therefore, be included in the

evaluation instrument.

Approach B. The approach outlined here is a short-cut method for

obtaining item weights similar to Approach A. Its use, however, demands

acceptance of the assumption that, statistically speaking, the raters to be

used to assess the criticality of new items are from the same rater popu-

lation as those used fn judging item criticality for the present evaluation

instrument. Accepting this assumntion makes unnecessary the (a) computation

of a new set of standard scores for each rater, and (b) development of a new

conversion table. The steps to be taken in implementing Approach B are as

follows.

1. Obtain raw score ratings of item criticality as described

in Approach A.

2. Substitute the standard score equivalents given below for

each rater's raw xcor., vatings.

Paw Score Levels Standard Score E.uival.ents

0 8.0

1 9.2

2 1o.4

3 11.5
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3. Sum standard score equivalents across raters for each item.

Compute a mean standard score rating for each item. Round the

mean standard score ratings to the nearest tenth.

4. Enter the conversion table shown in Table 1, Appendix B, with

the mean standard score rating, and read off the corresponding

item weight.

Aproach C. If the two preceding approaches are not practicable,

a third method may be used. However, it is the least desirable of the three

from the standpoint of reliability of results. The steps for this approach

are outlined below.

1. Compare each new item with other plan factor items of the

same subject-matter background.

2. If a comparable item (in terms of judge4 importance) can be

found in the existing instrument, assign the new item the

same weight.

3. If a comparable item can not be found, pick out two items;

one which appears to be slightly more important tnan the

item under consideration, and the ot'her slightly less im-

portant. Assign the new item a weight mid-way between

the weights of the two comparison items.

General Comments. Minor changes in item content should not affect

item criticality. An example of such a change would be the reduction in

the protection factor minimum acceptable in the federal marking and stocking

program from 100 to 40. However, when standards or plan factors are altered

substantially, the affected factors should be re-evaluated in terms of their

relative importance to shelter system operation. It should also be re-

emphasized that the above-mentioned approaches to obtaining weights for new

items to be added to the present evaluation instrument are acceptable when

qmall numbers of items are involved. Wholesale changes in the content of

the instrument should be accompanied by repeating the total weighting

prccedures used in the present study; such an effort could also include

refining the present scoring method.
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